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Magnetic susceptibility is one of the most important methods for monitoring sediment composition during environmental 
studies. In this research, to reconstruct the Caspian Sea level changes, magnetic susceptibility variations were used during 
studies of five sedimentary cores (K1,K3,K5,K7,N1), collected from bottom sediments of Gorgan Bay. Samples were 
analyzed for grain size, total organic matter, carbonate content and magnetic susceptibility (MS). The results showed a close 
relationship between particle size distribution and MS magnitude due to variation in terrestrial influx, which is caused by 
sea-level fluctuations in different times. This process increases with particle size and magnitude of MS simultaneously with 
sea level fall and decreases during sea level rise. Moreover, no relationship between magnitude of MS and carbonate content 
was observed. Using magnetic susceptibility curves with other data, such as geological and historical, it can be concluded 
that these data are suitable for the reconstruction of marine environments, especially in the near shore coastal area.  
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Introduction  
Magnetic susceptibility (MS) is one of the most 
important methods for monitoring during studies of 
environmental variations and also can be useful index 
in recognition of unconformities in sedimentary 
sequences with no outcrops (assessment of location 
sequences boundaries) and determination of the exact 
position of the time boundaries in sedimentary 
sequences without fossils1,2. Environmental variations 
due to climatic changes are associated with different 
erosion and weathering processes and also various 
conditions of transportation and deposition of 
particles. Variations in sediment composition, such as 
changes in the amount of magnetic minerals, can 
change the magnetic susceptibility of the sediments 
that can be related to sea level variations during 
deposition of shallow marine sediments. Indeed, MS 
is a standard method extensively used in the study of 
stratigraphic sections and core sediments from the 
marine and lacustrine environments. MS is also 
successfully used for correlation between sediments 
in different cores3,4,5. The advantage of this method is 
simple and rapid, because small amounts of sample 
with no orientation can be used for measurement with 
available tools like the balanced induction coil system 
(Bridge susceptibility)6. Marine sediments are usually 
composed of siliciclastic and biogenic components, 
where biogenic components do not show magnetic 
susceptibility and have low or negative MS, while 
siliciclastic particles are considered as the major 
controlling components of magnetization in 
sediments7. Therefore, the processes that control the 
influx of particles into the marine environment are 
considered to be responsible for MS in sediments6,7. 
Coastal deposits are mainly used to study sea level 
fluctuations8,9,10,11,12,13,14. During the Late Holocene, 
Caspian Sea experienced fluctuations with varying 
magnitudes (Fig. 1). These fluctuations have been 
subject of many studies15,16,17,18,19,20,21,22 especially in 
geosciences but MS has been less considered in these 
studies., In this study, we used MS curves of 
sedimentary cores (collected from Gorgan Bay in the 
south-eastern parts of the Caspian Sea) and also used 
cores with complete data for correlation. Finally, we 
tried to reconstruct Caspian Sea level changes during 
the last millennium.  
 
 
 
Fig. 1 — Variations in Caspian Sea level of the (sixth century 
B.C. to the present) (After Klige, 1992)39 
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Materials and Methods 
 
Study area 
South Caspian Sea brackish water along the shores 
is unique and the semi-restricted Gorgan shallow 
wetland Bay with high ecological status is mainly 
affected by hydromorphological elements such as 
depth variation, freshwater flow and wave exposure. 
The Gorgan Bay (36°48’N, 53°35’E and 36°55’N, 
54°03’E, 400 km2, 60 km ×12 km, maximum depth of 
5 m and average depth 1.5 m) is a semi-restricted 
triangular-shaped bay, located in the south-
easternmost parts of the Caspian Sea along the Iranian 
coastline in the Golestan province (Fig. 2). Gorgan 
Bay formed during the Holocene period by a sandy 
spit named Miankaleh coastal barrier system8. The 
bay basin is surrounded on the west, south and north 
by the main land of the Mazandaran and Golestan 
provinces as well as Miankaleh Spite, respectively. 
There are no tides in the Gorgan Bay. It is connected 
to the Caspian Sea through the inlet of Ashoradeh-
Bandar Torkaman (Chapaghli) which is located in the 
north-eastern part of the Bay (Approximately width of 
400 m, 3 km long). There are strong currents in the 
Ashoradeh-Bandartorkaman inlet affected by storm 
surge and inter water annually into Gorgan Bay due to 
fluctuations of water level in the Caspian Sea. This 
bay is mainly influenced by processes that are 
operating within the basin. As stated above, water 
balance in the Gorgan Bay is influenced by water 
entrance through inlet from the Caspian Sea, 
precipitation, evaporation and to a lesser extent by 
fresh river water. It receives freshwater inflow from a 
number of small rivers and streams, among them two 
most important including Gorgan-roud from the north 
of the inlet and Qareh Su from the east. These two 
rivers drain runoffs from residential and agricultural 
areas into the Bay8,9. Generally, there is a counter-
clockwise flow pattern in the Gorgan Bay in four 
seasons and current pattern is driven primarily by 
prominent wind stress and then is affected by bottom 
topography and domain geometry9. In the northern 
and southern shores, currents are along the coastal 
areas and move from west to east by effecting 
dominant winds9. The Bay is surrounded by urban 
areas and agricultural lands. 
 
Sampling methods 
Five cores were collected using a gravity corer in 
July 2016. The core lengths were 1.78, 1.67, 1.34, 
1.30 and 0.98 cm, respectively with the diameter of  
6 cm (Table 1). All the samples were sealed by nylon 
and transferred to the laboratory of Iranian National 
Institute for Oceanography (INIOAS), Tehran, Iran, 
for MS analysis. 
 
Magnetic susceptibility measurements 
Magnetic susceptibility (MS) is a measurement of 
the magnetize sediments (particles) when subjected to 
a magnetic field. The facilities of magnetization are 
ultimately related to the concentration and 
composition (size, shape and mineralogy) of 
magnetizable material within the sample. Any core 
prossessing done in relation to variation per unit 
volume in the concentration and composition of 
magnetizable minerals that will yield a MS curve 
reflecting these changes23. MS measurements are a 
nondestructive and effective method of determining 
the presence of iron-bearing minerals in the 
sediments24. The whole cores, or individual sediment 
samples, are exposed to an external magnetic field 
which causes the sediments to become magnetized 
according to the amount of Fe-bearing minerals 
present in the samples. In our study, we used a 
Bartington MS system that is moved incrementally 
Table 1— Geographic position, length and depth of each core in 
Gorgan Bay 
latitude longitude Core 
length(m) 
Depth 
(m) 
Sample 
Name 
36˚ 51̍ 49.9 54˚ 0̍ 42.34 1.78 2.6 K1 
36˚ 50̍ 33.5 53˚ 54̍ 38.86 1.67 3.24 K3 
36˚ 50̍ 21.35 53˚ 28̍ 43.5 1.34 2.8 K5 
36˚ 48̍ 26.31 53˚ 36̍ 18.87 1.3 0.4 K7 
36˚ 47̍ 6.19  53˚ 54̍ 62.5 0.98 0.1 N1 
 
 
Fig. 2 — Location of study area and sampling sites 
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(generally in 2 cm) by a track motor through a 
susceptibility loop (varying size) where a magnetic 
field is generated and magnetizes the sample 
susceptible substances (minerals) in the sediment. 
Samples rich with magnetizable substances will yield 
high readings. Samples that are poor of magnetizable 
substances, or contain diamagnetic minerals, will 
yield lower or negative values. The MS used here is 
based on the ratio of the induction torque (Mi or Ji), 
which is defined as a very low magnetic field (Hj): 
 
1 − 𝐽𝑖 = 𝑋𝑖𝑗 𝐻𝑗(𝑑𝑒𝑛𝑠𝑖𝑡𝑦 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐) 
2 − 𝑀𝑖 = 𝐾𝑖𝑗 𝐻𝑗(𝑣𝑜𝑙𝑢𝑚 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐) 
 
In the above equations, j and i are parameters of a 
magnetic field vector, while Xij and Kij represent MS 
degree. In these equations (in unit SI), when the 
magnitude of the MS is equal to K, this indicates that 
the measurement is carried out relative to the volume 
of one cubic meter (m3); therefore, the MS has no unit 
(equation 2). When the magnitude of the MS is X, it 
shows that the measurement is taken on a mass of  
one kg and the unit is m3/ kg2,23. In this study, 
equation 1 was used; therefore, the MS obtained has 
no unit. MS is a completely different factor from the 
remnant magnetism and, in general, it is an index for 
iron concentration, ferro-magnesian and clay minerals 
in sediments25. It should be noted that to facilitate the 
investigation of the variations, the MS curves were 
normalized (each of the dependent variable data of 
magnetic susceptibility is divided into the maximum 
amount of MS along the core26,27, thus the data 
obtained is in the range of -1 to 1. 
After slicing the cores and subsampling with 
certain distances, laser particle size analyzer is used 
(Horbia LA-950) for grain size analysis (Table 2). 
Also, to specify total  organic matter  content  (TOM),  
  
Table 2 — Results of grain size, organic matter and carbonate content in five cores 
  K1  K3   K5   K7    N1  
Depth Sand% TOM% Caco3% Sand% TOM% Caco3% Sand% TOM% Caco3% Pebble Sand% TOM% Caco3% Sand% TOM% Caco3% 
-5 16.47 10.29 24.67 0 11.25 19.56 4.44 7.67 47.74 0 53.03 6.51 62.11 30.3 3.01 6.65 
-10 36.89 6.59 24.42 0.26 9.65 21.70 15.54 6.8 47.86 12.7 15.53 6.51 62.11 62.25 12.71 28.76 
-15 18.94 6.24 28.62 4.84 12.44 27.02 15.27 7.04 34.69 0 63.51 3.66 68.38 75.13 15.59 35.23 
-20 25.17 6.87 27.13 14.24 13.08 29.26 16.05 7.19 52.85 0 42.94 5.57 61.00 33.39 8.6 19.46 
-25 4.03 7.63 25.47 10.08 10.48 25.03 34.08 13.33 41.41 0.34 59.96 4.78 52.40 76.34 13.33 30.19 
-30 29.41 6.43 26.84 0 10.05 25.43 18.71 9.17 29.41 0 12.33 7.18 27.61 57.56 7.49 17 
-35 54.79 10.69 30.42 0 12.35 21.71 20.39 9.96 40.95 0 4.04 7.16 27.87 41.18 9.95 22.4 
-40 48.55 5.78 33.79 20.63 9.04 34.38 21.66 9.48 35.62 0 22.11 6.30 25.06 49.09 13.87 31.43 
-45 53.09 7.03 30.97 6.39 8.03 36.40 34.41 8.55 31.46 0 36.49 6.36 31.60 59.81 10.14 23.01 
-50 41.58 5.32 31.54 27.75 10.46 30.05 16.03 7.61 43.48 0 12.76 9.88 24.12 64.87 11.26 25.46 
-55 24.1 5.75 31.05 19.86 9.78 61.44 31.86 4.85 15.53 0 15.29 9.29 26.16 23.02 12.49 28.24 
-60 44.28 6.01 33.49 24.54 9.66 35.23 4.52 8.76 43.52 0 74.23 10.96 14.44 44.44 11.75 26.52 
-65 18.14 5.71 29.68 60.32 11.28 31.68 10.17 10.52 31.57 0 13.78 10.94 11.41 14.03 10.33 23.24 
-70 0 6.27 33.35 6.28 11.32 35.51 7.69 10.14 63.68 0 3.58 9.69 7.53 9.59 12.18 27.6 
-75 9.91 6.72 40.14 41.22 11.08 41.31 7.45 10.08 43.82 0 0 7.75 11.74 5.81 14.69 33.14 
-80 10.8 7.15 35.46 16.19 7.86 40.30 5.74 9.73 43.65 0 8.89 5.87 26.07 14.6 12.2 27.51 
-85 20.28 6.97 32.94 8.11 7.93 41.50 11.51 10.84 24.25 0 14.38 5.95 25.25 4.57 21.56 48.8 
-90 5.9 8.64 34.61 4.62 10.78 41.52 6.95 9.4 34.64 0 12.81 5.89 27.59 0.11 15.22 34.35 
-95 43.73 6.12 33.27 13.9 8.28 45.17 10.41 11.46 32.66 0 10.81 5.23 33.22 50.4 15.49 35.21 
-100 19.26 8.53 28.65 16.45 7.41 43.16 0.34 8.85 33.39 0 17.72 5.17 26.14    
-105 6.13 7.66 31.01 5.24 11.98 34.37 7.41 8.91 36.99 0 14.5 5.17 26.48    
-110 9.62 9.20 28.62 4.36 8.83 41.54 0 10.3 34.28 0 14.45 5.48 23.17    
-115 3.61 10.87 26.72 5.97 12.54 28.67 6.91 8.91 37.12 0 17.01 4.77 2.30    
-120 34.09 16.25 21.61 31.99 13.19 27.97 5.21 8.73 37.64 0 22.56 4.77 29.50    
-125 4.14 9.02 23.14 13.34 11.58 31.42 0 10.82 33.05 0 3.75 7.61 25.45    
-130 10.71 9.59 24.20 1.93 10.94 33.04 10.52 11.61 37.74 0 0 7.64 23.85    
-135 5.23 7.81 31.23 6.3 9.26 32.01           
-140 11.01 8.64 31.57 14.96 9.52 30.62           
-145 0 7.79 35.53 11.56 8.09 29.83           
-150 1.47 7.18 36.08 16.66 1.38 36.58           
-155 6.1 7.45 34.05 23.59 6.33 33.04           
-160 46.15 8.50 35.71 17.44 4.29 31.06           
-165 0 7.59 37.34              
-170 3.18 7.81 39.27              
-175 64.69 6.58 38.63              
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loss of ignition method (L.O.I) was used. For this 
purposes, a portion of each sample (about 3 gr) was 
placed inside a crucible and heated at 550 °C for 5 
hours and after that the weighting, percentage of the 
organic material were reported28. For measurement of 
carbonate content (CaCO3%), coarser grain particles 
were manually removed and remaining sediments 
were placed in a muffle furnace (Excitation, EX.1200-
12L) for 1 hour at 950 °C29. Since there has not been 
any 14C dating available, last radiometric data from 10 
sites in the surrounding area and inside of study area 
(minimum distances to our sampling sites) were 
used17,30,31,32 (Table 3). 
 
Results 
The results of grain size, organic matter and 
carbonate content as well as the MS changes in the 
samples are shown in Table 2 and Figure 3. The 
highest amount of sand (the largest volume of 
coarser-grain in the basin), and consequently the 
highest MS is related to 30-70 cm depth in the K1 and 
K3 cores, 20 to 55 cm in K5, 55-60 cm in the K7 and 
15-45 cm in the core N1. Also, the amount of organic 
matter showed a roughly constant trend while calcium 
carbonate varied and the maximum value of TOM and 
CaCO3 observed at depth of 55 cm (61.44%) and 68% 
in K3 and K7, respectively (Table 2). Also, positive 
significant relation between TOM and MS and 
negative significant relationship between calcium 
carbonate and MS obtained in core K1 (Fig. 3). 
In five cores, MS curves showed different 
variations (Fig. 4). K1 core with sharper curve and 
best correlation with sand trend selected for 
reconstruction of Caspian Sea level changes (Fig. 4). 
Since location of this core is very close to  
recent Gauge measurement (in Bandar Torkaman), 
Chapaghli mouth and Qareh Su River; therefore 
magnetic minerals have been intermittently entering 
into the basin. 
 
Discussion and Conclusion 
Over the past 1800 years, four major rises in the 
Caspian Sea levels occurred in the fifth, ninth, 
fifteenth and nineteenth centuries11. Many historical 
and geological reports about Caspian Sea level are 
commonly used by researchers, and in many cases 
they are not similar. This difference is especially 
noticeable in the first century of the last millennium; 
and as it gets closer to the recent times, the 
differences decrease. Some periods, such as the water 
rises at the beginning of the 16th century and the 
sudden fall in the early 18th century, these results are 
closer and more consensual. However, at some 
periods, such as the mid-fifteenth century, there is a 
relative agreement on the absolute sea level; however, 
Brückner (1890)33 reported the Caspian Sea level was 
Table 3 — Radiocarbon dating and sedimentation rates in Gorgan 
bay and neighboring regions during Holocene (Amini et al. 2012)31 
Sedimentation 
Rate(mm) 
Age 
(Year) 
Depth 
(Cm) 
Period Sampling Site 
(References) 
8.6 2225 1917 Upper 
Newcaspian 
Amini et al., 2012 
0.59 880 52 Upper 
Newcaspian 
Amini et al., 2012 
1.4 500 70 Upper 
Newcaspian 
Karbbassi and 
Amirnezhad.,2004
2.1 2400 520 Upper 
Newcaspian 
Lahijani et al., 
2009 
0.84 2280 200 
 
Upper 
Newcaspian 
Kakrudidi., 2012  
4.6 
1.3 
1.5 
650 
5990 
8990 
340 
800 
1400 
Upper 
Newcaspian 
Kakrudidi., 2012 
0.78 
1.2 
2203 
3369 
180 
450 
Upper 
Newcaspian 
Kakrudidi., 2012  
2.9 956 250 Upper 
Newcaspian 
Kakrudidi., 2012  
 
 
 
Fig. 3 — Trend of calcium carbonate, organic matter and MS in 
core K1 
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at its highest level, while Varushchenko et al (1987)10 
considered it has been at its lowest level. By 
comparing the curve of the Caspian Sea level changes 
over the last 50 years (Gauge measurement) and MS 
curves, it is possible to reconstruct sea level 
fluctuations26,27 (an increase in the amount of MS is 
associated with falling water level, when the coarser 
grain material, such as sand enter the basin and its 
decrease due to rising sea level which is related to low 
sediment influx in the basin); therefore, its  
highest value indicates the highest sea level fall  
and the lowest amount indicates the highest rising of 
sea level27,34,35. 
The last fluctuation of the Caspian Sea level 
occurred in the 20th century during a period of less 
than 100 years when the Caspian Sea experienced a 
complete transgression and regression cycle with a 
height of three meters28,36,37,38. Based on the results 
obtained in this study and comparison with available 
data, three significant increases in the MS curve can 
be observed (Fig. 6), which indicates that during these 
periods sea level fallen and erosion of the continental 
 
 
Fig. 4 — Variations of MS in different cores (MS charts are normalized) 
 
 
 
Fig. 5 — Correlation of MS and % sand values in the K1 core 
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sediments increased. Also, there are four sharp drops 
in magnetic susceptibility present which indicates the 
sea level rise and shorter times as compared to 
regression periods. In  other  words,  three  important 
cycles can be identified based on MS changes. These 
cycles can be seen very clearly in core K1, where the 
first cycle starts from a depth of 160 to 85 cm, second 
cycle from 85 to 20 cm, and third cycle from 20 to 5 
cm, respectively (Fig. 6). Also based on various 
studies, sedimentation rate in this area (especially the 
eastern and central parts of bay) is about 0.5-8 mm 
per year17,28,29,39. Since there has not been any age 
measurement in this study, therefore sedimentation 
rate is calculated based on changes in the 
transgression and regression curves in recent 
decades30 (gauge measurement) and the changes on 
MS curve, which is about 3.3 to 3.5 mm/y in the core 
K1 and this core represent about 600 cal. years are 
comparable with historical Caspian sea level variation 
curves10,27,31,32 (Fig. 7).  
As a result, from 1400-1500 (AD), the sea level 
was the same as the present day (~ -26.7) and dropped 
noticeably from 1500 to 1580 (~ -29), then reached to 
its highest level from 1580 to 1790 (~-22). After  that, 
 
 
Fig. 7 — The Caspian Sea level curve based on Bruckner (1890), 
Varushchenko et al. (1987) and Karpychev (1998, 2001).  
The dashed lines connecting the filled symbols are interpolations. 
The continuous line from 1850 to 2000 shows the gauge 
observations. 
 
it began to regret and suffered a great regression during 
a period of 100 years (from 1790 to 1890 AD 5 m 
dropped). From 1929 to 1995, there was another 
regression and transgression cycle (Fig. 8). The sea 
level has fallen about ~3 m from 1929 to 1978, 
followed  by  a   rise  of  ~2.7 m  from  1978  to  1995  
 
 
Fig. 6 — Adaptation of sea level changes using recent gauge measurement curve and MS data (core K1) 
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(at a rate of 100 times faster than the present global 
sea-level rise)13. Also, many other historical and 
geological data that have been used by various 
researchers to reconstruct the Caspian Sea level11, 17, 18, 
33 have also supported our interpretation (Table 4). 
Although it is difficult to convert historical descriptive 
data into numerical data (such as sea levels), but 
historical data are very valuable for calibrating 
geological results as they provide a detailed history of 
major events occurred in the Caspian Sea (The problem 
arises from the type of these observations, the type of 
interpretation, and the extent to which these observations 
are assured). However, using MS curves with other data, 
including geological and historical data, can be a 
suitable idea for the reconstruction of marine 
environments, especially near the coastal area where 
reconstruction of the sea level is facing challenges.  
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